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Comparison of Theophylline Concentrations in Venous Blood and Capillary Blood in Asthmatic Children
Gregory S. Umstea& and James P. Rosen2
Twenty children, five to 16 years old, diagnosed as having asthma, were studied to compare the serum concentrations of theophylline obtained by standard venlpuncture with capillary concentrations obtained by finger lancet. The mean theophylline concentration in venous samples was 9.27 mg/L and in capillary samples was 9.26 mg/L. Comparison by the paired t-test showed no statistical difference between kinds of samples. When surveyed as to their preference, nine patients preferred the venous method, five the capillary method, and six had no preference. Asthma as a disease state can introduce several complex variables that could alter the serum theophylline concentrations at the capillary level. Capillary blood flow is influenced by blood oxygen, tissue oxygen, and the amount of endogenous catecholamines. Variable degrees of acidosis secondary to asthma could also alter the degree of protein-binding and consequently the serum theophylline concentration. These variables and possibly other variables could have an effect, especially at the capillary level.
We compared the serum concentrations of theophylline obtained by standard venipuncture vs. capillary concentrations obtained by finger lancet.
Subjects and Method
With written informed parental consent, we tested 20 children from the Allergy-Immunology Clinic of Children's Hospital of Philadelphia. Samples were collected from January 1978 through March 1978. All patients were at that time being given a theophylline preparation for maintenance therapy. Any theophylline preparation and dosage schedule was acceptable, as long as it had not been altered for a minimum of seven days. Patients with theophylline concentrations of less than 1 mgfL were excluded from the study. Comparison samples per patient were obtained within 15 mm of each other. A 2-mL venous sample was collected in a standard red top Vacutainer Tube; a capillary sample (800-900 zL) was collected in a 1-mL Eppendorf microcentrifuge tube. Each patient's venous and capillary samples were assayed simultaneously, and all samples were analyzed in duplicate. The serum samples were either assayed the day of collection or frozen for later analysis. All samples were assayed at the Clinical Pharmacology Laboratory of the Children's Hospital of Philadelphia, by liquid chromatography as described by Jusko and Poliszczuk (2) .
The data were statistically analyzed by the paired t -test.
Information about patients and results are shown in Table 1 . All 20 patients were diagnosed as having asthma by the physicians in the Allergy-Immunology Clinic. There were 11 boys and nine girls, ages five to 16 years, with a mean age of 11.4 years. Concurrent medications included oral metaproterenol .(seven patients), aerosol beciomethasone diproprinate (six patients), sodium cromolyn (two patients), prednisone, ephedrine, hydoxyzine pamoate, and kaolin! pectin (one each). Six of the patients were on no other medications; 11 were also on desensitization therapy. Nineteen of the measurements were obtained 2-4 h (mean = 2.9 h) after the patients' morning dose of theophyllmne. Samples from patient no. 1 were obtained 9 h after his last dose.
Results
The values obtained with the two procedures were similar (r = 0.997, n = 20, p <0.001). The mean venous sample was 9.27 mg/L (SD = 6.2), and the mean capillary sample was 9.26 Patleni no. Besides our studies with outpatients, we also studied two hospitalized children (Table 2) in status asthmaticus. Although we were unable to make a statistical evaluation, there appeared to be no difference between the venous and capillary serum theophylline values in the status asthmaticus patients.
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After both collections Were completed, we surveyed the patients as to their preference of method of sample collection: capillary, venous, or no preference. Of the 20 patients surveyed, nine patients preferred venous, five patients preferred capillary, and six had no preference.
Discussion
Theophylline's usefulness as a bronchodilator in asthma is unquestionable today. Because pharmacologic effect and toxicity corrulate closely to its concentration in serum, the usefulness of neasurement of theophylline in serum is apparent (3, 4) . Therapeutic effects of theophylline are seen between 5 and 20 mg/L, whereas severe toxicity, tachycardia, arrhythmias, and seizures can occur with serum concentrations greater than 25 mg/L. Disease stat.e [congestive heart failure (3, 5) , liver disease (3, .5), pulmonary edema (6)], drug interactions [toleandomycin (7.)], and age (3, 5) can all adversely effect theophyllmne clearance, so that frequent measurements of serum concentrations to establish the patient's best dosing schedule and to avoid inadequate therapy and toxicity are necessary. The establishment of an easier, more convenient serum collection method that requires a substantially smaller blood sample is important. 'fle finding that there were no significant difference in theophylline concentrations between venous and capillary sera shows that the collection of excess sample or the need to inflict a painful procedure on that population where venous collection is difficult is unwarranted. Certainly the risks of capillary collection are less than that with venipuncture.
In conclusion, amounts of theophylline in serum were detennined by standard venipuncture and finger lancet in 20 asthmatic children on maintenance theophylline. By paired t-test we found no difference in the theophylline concentrations from these two methods. Patients' preference was divided between the two methods of collection, but favored venous collection.
